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CONTROLLING A SUPPLY PLANE VOLTAGE DURING A SLEEP STATE 

BACKGROUND 

The invention generally relates to controlling a supply voltage during a sleep state* 

In a device, such as a computer, that may be operated from a battery, it is important to 
reduce the power consumption to the greatest possible extent. The usefulness of a battery- 
operated device is reduced if the battery must be recharged frequently. It may also be 
desirable to reduce the power consumption of an AC wall voltage-powered device (a desktop 
computer, for example). A variety of techniques are known for reducing the dynamic power 
consumption. For example, the Advanced Configuration and Power Interface (ACPI) 
Specification (Rev. 2.0, July 27, 2000) sets forth information about how to reduce the 
dynamic power consumption of portable and other computers. 

The ACPI Specification defines six sleep states (S0-S5) for the computer. The SO 
state is highest power state for the computer, the SI state is the next highest power state, the 
S2 state is the next highest power state, etc. In state SO, the computer is fully powered on. In 
state SI, the computer is in a standby state in which processors of the computer do not 
execute instructions and some power resources in the computer are turned off In the sleep 
states S2-S5, progressively less power is consumed during each sleep state. In the lowest 
power sleep states (S3-S5), a problem associated with incorrect voltages on the computer's 
supply planes may arise. 

In this manner, in the lowest power sleep states, power resources (voltage regulators 
that fiimish DC supply voltages, for example) of the computer are removed, or disconnected, 
from various supply voltage planes of the computer. However, powered peripherals that are 
connected to the computer and are electrically coupled to these supply voltage planes may be 
fiiUy powered on when the computer enters the lowest power sleep states. As a result, a 
particular powered peripheral may produce a "back-driven voltage" on an otherwise 
unpowered supply voltage plane. This back-driven voltage, in turn, may cause components 
of the computer that are electrically coupled to receive power from the supply voltage plane 
to receive an incorrect supply voltage level and thus, may cause these components to 
malftinction. For example, in response to an incorrect supply voltage level, a particular 
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component may internally generate incorrect logic levels that prevent the component from 
exiting a particular sleep state. 

Thus, there is a continuing need for a technique and/or arrangement to address one or 
more of the problems that are stated above. 

BRIEF DESCRIPTION OF THE DRAWING 
Fig. 1 is a schematic diagram of a computer system according to an embodiment of 
the invention. 

Fig. 2 is a schematic diagram of circuitry to control a back-driven voltage according 
to an embodiment of the invention. 

Fig. 3 is a more detailed schematic diagram of the computer system of Fig. 1 
according to an embodiment of the invention. 

Fig. 4 is a table illustrating operation of the circuitry of Fig. 2 according to an 
embodiment of the invention. 

DETAILED DESCRIPTION 

Referring to Fig. 1, an embodiment of a computer system 10 in accordance with the 
invention includes a computer 15 that implements a technique to reduce the dynamic power 
consumption of the computer 15. For example, the computer 15 may use a technique in 
accordance with the ACPI standard. Pursuant to this technique, the computer 15 may enter 
sleep states in which voltage supply planes (such as the voltage supply plane labeled "Vcc" in 
Fig. 1) of the computer 15 are susceptible to back-driven voltages that are produced by 
external powered peripherals 20 (of the computer system 10) that are electrically coupled to 
one or more of these supply voltage planes. 

As an example, a particular powered peripheral 20 may be a printer that is powered 
via an AC wall outlet. The printer may be connected to the computer 15 via a parallel cable 
to a parallel port of the computer 15. This parallel port includes one or more pins that are 
electrically coupled to the supply voltage plane. Thus, it is possible that, as described below, 
during certain conditions, the printer may produce a back-driven voltage on one or more 
supply voltage planes of the computer 15. 



For purposes of controlling the levels of back-driven voltages, the computer 15 
includes one or more current bleed circuits 24, each of which is coupled between an 
associated supply voltage plane of the computer 15 and ground. For the example depicted in 
Fig. 1, the bleed circuit 24 is coupled between the Vcc supply voltage plane and ground. 
5 During some of the sleep states, the power resources (voltage regulators that DC 

supply voltages for example) of the computer 15 maybe disconnected from the supply 
voltage planes. Thus, during these sleep states, these supply voltage planes ideally do not 
supply power to components 27 (of the computer 15) that are coupled to the supply voltage 
planes. However, because these supply voltage planes are not coupled to power resources of 
10 the computer 15 during these sleep states, the voltage levels of the supply voltage planes are 
susceptible to being set to incorrect levels by powered peripherals 20 that are connected to 
the computer 15. 

J To minimize the back-driven voltage levels that may appear on these supply voltage 

planes, the computer 15 activates its bleed circuits 24, such as the bleed circuit 24 depicted in 
W Fig. 1, during selected low power sleep states. When activated, each bleed circuit 24 
'^5 estabUshes a low resistance current path from its associated supply voltage plane to groimd to 

draw current from the supply voltage plane. This current path, in tum, estabUshes a low 
C| voltage level for the supply voltage plane during the selected sleep states to prevent a large 
%l back-driven voltage and to keep logic of the computer's components 27 from malfunctioning. 
Ill During the higher power sleep states, the bleed circuits 24 remain inactive and do not draw 
M current or dissipate power, thereby maintaining the power efficiency of the computer 1 5 
during these states. 

More specifically, in some embodiments of the invention, the bleed circuit 24 may 
have a design similar to that shown in Fig. 2. In this design, the bleed circuit 24 includes a 

25 resistor 30 that is selectively coupled between the supply voltage plane (such as the Vcc 

supply voltage plane that is depicted in Fig. 2) and ground during selected lower power sleep 
states by a switch, such as an n-channel metal-oxide-semiconductor field-effect-transistor 
(NMOSFET) 32. In this manner, one terminal of the resistor 30 is coupled to the supply 
voltage plane, and another terminal of the resistor 30 is coupled to the drain terminal of the 

30 NMOSFET 32. The source terminal of the NMOSFET 32 is coupled to ground, and the gate 
terminal of the NMOSFET 32 receives a signal called Backfeed_Cut. 
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In response to the computer 15 entering selected lower power sleep states, the 
Backfeed_Cut signal is asserted (driven high, for example) to activate the bleed circuit 24. 
When the bleed circuit 24 is activated, the NMOSFET 32 saturates to form a low resistance 
current path (that includes the resistor 32 and the drain-source path of the NMOSFET 32) 
5 between the supply voltage plane and ground. When the Backfeed_Cut signal is deasserted 
(driven low, for example) when the computer 15 is in the non-selected higher power sleep 
states, the drain-source path of the NMOSFET 32 does not conduct to remove the current 
path to ground. 

In some embodiments of the invention, the resistor 30 may be between one and ten 
10 ohms, such as five ohms, to keep the voltage level of the supply voltage plane sufficiently 
low (near ground) to minimize the back-driven voltage levels (voltages less than or equal to 
three volts, as an example) that would otherwise appear on the supply voltage plane without 
% the use of the bleed circuit 24. As a more specific example, in some embodiments of the 
l^f invention, the resistor 30 may source approximately 100 mAA^ to ground. 
1^1 In some embodiments of the invention, the computer 15 may use a technique in 

l"^ accordance with the ACPI standard to reduce dynamic power consumption. In these 

embodiments, the computer 15 may implement six sleep states (SO, SI, S2, S3, S4 and S5). 
rj As an example, the bleed circuit 24 may be activated during the lowest power ACPI states, 
Si such as states S3, S4 and S5, in which back-driven voltages from powered peripherals 
2& become a greater problem. Continuing this example, the bleed circuit 24 may be deactivated 
during the higher power sleep states (states S0-S2). 

As an example of an embodiment of the invention, the logic levels of the 
Backfeed_Cut signal and the conduction states of the NMOSFET 32 for the S0-S5 sleep 
states are depicted in a table 100 in Fig. 4. As shown, the Backfeed_Cut signal has a logic 
25 one level (a level that tums on the NMOSFET 32) for the S3-S5 sleep states, and the 

Backfeed_Cut signal has a logic zero level (a level that tums off the NMOSFET 32) for the 
other sleep states. 

Referring back to Fig. 2, for the scenario described above in which the bleed circuit 
24 is activated during the S3-S5 states, the computer 15 may include an OR gate 34 to 
30 generate the Backfeed_Cut signal at the output terminal of the OR gate 34. Not shown in 

Fig, 2 is a driver that may be coupled between the NMOSFET 32 and the output terminal of 
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the OR gate 34. The OR gate 34 receives three signals at its three input terminals: a signal 

(called S3_STATE) that indicates (via a high logic level, for example) when the computer 15 

is in the S3 sleep state; a signal (called S4_STATE) that indicates (via a high logic level, for 

example) when the computer 15 is in the S4 sleep state; and a signal (called S5__STATE) that 
5 indicates (via a high logic level, for example) when the computer 15 is in the S5 sleep state. 

The generation of the S3_STATE, S4_STATE and S5_STATE signals maybe controlled by 

wake-up/sleep logic (not shown) of the computer 15. 

Referring to Fig. 3, in some embodiments of the invention, the powered peripheral 

device 20 may be a device, such as a printer 260, that plugs into a parallel port of the 
10 computer 15. Other and different powered peripheral devices 20 may be plugged into the 

computer 15 and may be capable of producing back-driven voltages on the supply voltage 

planes of the computer 15. 

The computer 15 may include power resources, such as voltage regulation circuitry 
SI 246, that furnish internally regulated power to supply vohage planes 242 of the computer 15. 
1|I1 As examples, the supply voltage planes 242 may furnish different voltage levels, such as 5 V, 
l!^ 3.3 V, 2.5 V, 1 .8 V and 1 .5V voltage levels. One or more of these supply voltage planes 242 

may be electrically coupled to the extemal powered peripheral 20. As an example, one of 
Q these supply voltage planes 242 may be the Vcc supply voltage plane depicted in Figs, 1 and 
K 2. 

20i In some of the sleep states, voltage regulation circuitry, such as the circuitry 246, of 

the computer 1 5 may be selectively isolated from the supply voltage planes 242. It is 
possible that some of the power resources are disconnected from some supply voltage planes 
242 in one sleep state, and other power resources are not disconnected from their associated 
supply voltage planes 242 until lower power sleep states. As depicted in Fig. 3, to prevent 

25 back-driven voltages on its supply voltage planes 242, the computer 15 may include multiple 
bleed circuits 24, each of which is coupled between one of the planes 242 and ground. 

In addition to the voltage regulation circuitry 246, the computer 15 may also include 
an AC-to-DC converter 240 that may receive an AC wall voltage and convert the AC voltage 
into a DC voltage that is provided to the voltage regulation circuitry 246. The voltage 

30 regulation circuitry 246 may also receive a DC voltage from a battery pack 243 that furnishes 
power when AC power is unavailable. 
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Among the components of the computer 15 that consume power from and are coupled 
to the supply voltage planes 242, the computer 15 may include a microprocessor 202 and a 
bridge circuit, or memory hub 206, both of which are coupled to a local bus 204. The 
memory hub 206 may interface the local bus 204, a memory bus 209 and an Accelerated 
5 Graphics Port (AGP) bus 211 together. The AGP is described in detail in the Accelerated 
Graphics Port Interface Specification, Revision 1.0, pubhshed on July 31, 1996, by Intel 
Corporation of Santa Clara, Califomia. A system memory 208 may be coupled to the 
memory bus 209, and a display controller 212 (that controls a display 214) may be coupled to 
the AGP bus 211. The system memory 208 may store, for example, instructions 250 relating 

10 to the Operating System (0,S.) control of the dynamic power reduction technique (an ACPI - 
compliant technique, for example) as well as instructions 252 relating to the basic 
input/output system (BIOS) control of the dynamic power reduction technique. In this 
manner, the microprocessor 202 may execute the O.S. to determine when to do power 
^ management, and execute the BIOS to determine how to do the power management. 

l^fl Among the other features of the computer system 10, a hub communication link 205 

may couple the memory hub 206 to another bridge circuit, or input/output (I/O) hub 210. The 
I/O hub 210 includes interfaces to an input/output (I/O) expansion bus 216 and a Peripheral 

Ci Component Interconnect (PCI) bus 230. The PCI Specification is available from the PCI 
%1 Special Interest Group, Portland, Oregon 97214. An I/O controller 217 may be coupled to 

1& the ISA bus 216 and receive input data from a keyboard 224 and a mouse 226, as examples. 

l^i The I/O controller 217 may also control operations of a floppy disk drive 222. The I/O 

controller 217 may also provide an interface(s), for example, for communicating with one or 
more powered peripheral devices 20. A drive controller 231 may be coupled to the PCI bus 
230, The drive controller 23 1 may control operations of a hard disk drive 232 and a CD- 

25 ROM drive 233, as examples. 

While the invention has been disclosed with respect to a limited number of 
embodiments, those skilled in the art, having the benefit of this disclosure, will appreciate 
numerous modifications and variations therefrom. It is intended that the appended claims 
cover all such modifications and variations as fall within the true spirit and scope of the 

30 invention. 
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